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© Manufacture of particle board and a novel suitable bonding agent 

@ The invention concerns the manufacture of particle 
board having a very low formaldehyde emission, and a 
novel bonding agent. The essential feature Is the use 
of a meiamine-modified urea-formaldehyde adhesive with 
a ratio of formaldehyde to am I nog roups of between 
0.500 : 1 and 0.575 : 1, which contains melamine in an 
amount of between 1.0 and 10% by weight relative to 
resin solids. The boards which are so obtained have a 
very low formaldehyde emission (FESYP perforator value 
^ below 0.01%) and yet satisfactory physical properties. 
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1 

MANUFACTURE OF PARTICLE BOARD AND A NOVEL SUITABLE BONDING AGENT 

The Invention relates to a method for the manufacture .of par- 
ticle board by hardening at elevated temperature and pressure of 
cellulose-containing material with an amlnoplast. resin as bonding agent , 
as wel as a bonding agent suitable in such a method. 
5 It is known to manufacture chipboard with an ureaformaldehyde 

resin as bonding agent* If the molar ratio between formaldehyde and urea 
is high, e.g. above 1.3 or more, the board may release formaldehyde to 
the environment for a long time* Applicant has found that it is possible 
to produce board having a very low emission- by using a urea-formaldehyde 

10 resin with a molar ratio of formaldehyde to urea of about 1*1, but that 
the mechanical properties of board produced by such a method are unsa- 
tisfactory, and especially so if the boards are stacked after pressing 
while still warm* An important disadvantage is also that, regardless of 
the stacking, the boards show considerable swelling when in contact with 

15 water* Applicant moreover found that the use of an greater than conven- 
tional, amount of. such bonding agent can overcome this disadvantage, only 
to a limited extent* 

The goal of the invention is a method for the manufacture of 
chipboard having a lower formaldehyde emission and satisfactory mechani- 

20 cal properties, and as well as a bonding agent suitable in such method. 

According to the invention, particle board with an ureafor- 
maldehyde resin as bonding agent, is produced by effecting the conven- 
tional steps of provldlngs a cellulose-containing particulate material 
with the bonding agent and next hardening said material at an elevated 

25 temperature and pressure to form a board, wherein the bonding agent is 

an urea-formaldehyde resin solution having a molar ratio of formaldehyde 
to mole equivalents of amino groups of between 0.500 to 1 and 0*575 to 
1, and containing melamine in an amount of between 1.0 and 10 X by 
weight, relative to the total amount of resin solids. 

30 By using the method according to the present invention with 

the novel bonding agent, it is possible to manufacture chipboard with a 
very low formaldehyde emission and yet satisfactory mechanical proper- 
ties. 
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The cellulose-containing material may consist of wood chips or 
fibres, pine or hard wood, of conventional size. The bonding agent is 
applied to the material by a conventional method, such as spraying or 
tumbling. The amount applied may be between 6 and 15 Z by weight, calcu- 
lated as resin solids relative to the dry chips. The preferred amount is. 
between 8 and 12 X by weight. The chip material may further be provided 
with conventional additives such as a moisture repellent, a curing cata- 
lyst, fungicides or other anti-microbial agents, def earners and the 
likes. Such additives may be applied together with the resin solution or 
separately. The chip material is then formed into a chip mat and said 
mat is hardened to form chipboard at a temperature of between 140 'C and 
220 °C and a pressure of. up to 3.5 N/mm . 

The bonding agent is a melamine-modified urea-formaldehyde 
resin solution with a molar ratio of formaldehyde to mole equivalents of 
amino groups of between 0.500 and 1 and 0.575 to 1. A hooding agent with 
a ratio of between 0.525 to 1 and 0.565 to 1, for- instance about 0.55 to 
1 is preferably used, as in this case an optimal combination of satis- 
factory mechanical strength and a low fbrmaldehyde emission is obtained. 

The ratio of formaldehyde to mole equivalents of aminogroups 
(WNH 2 ratio) can easily be calculated by determining the total, amount 
of moles of urea and melamin. which have been used in the preparation of 
the bonding agent and calculating on the basis of these data the total 
amount of mole equivalents of aminogroups. The amount of formaldehyde 
used will also be known, so that the ratio F/™2 may calculated. 

One may also determine the molar ratio of formaldehyde to 
urea, i.e. disregarding the melamine. This molar ratio wil generally be 
not more than about 1.2 . 1 and will in particular be between about 

1.1 : 1 and 1.18 t !• 

The melamine content of the bonding agent is very low and 
notably lower than that of conventional' melamine-modified urea- 
formaldehyde resin solutions. The melamine content is between 1.0 and 10 
Z by weight calculated relative to the total amount of resin solids and 
preferably between 1.5 and 9 2 by weight. At a low melamine content, 
e.g. about 2 Z by weight, it may be advisable to use a rather large 
amount of resin relative to the chips while a fairly large melamine con- 
tent, e.g. about 8 X by weight, should be used when it is intended to 
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use a relatively small amount of bonding agent relative to the chips* A 
melamlne content of between 3 and 6 X by weight may be preferred for 
general purposes - 

Although for the purpose of various calculations the melamlne is taken 
5 as the pure chemical compound , the melamlne is actually present in the 
form of ar melamine-formaldehyde condensate or as melamlne— urea- 
formaldehyde cocondensate. 

The solids content of the resin solution is of minor Impor- 
tance , as long as it is possible to bring the resin solution to a visco- 

10 slty suitable for spraying. In most instances, the solids content is 

between 50 and 75 Z by weight. The expression solids or resin solids as 
used herein means the dry residue remaining after evaporation of the 
resin solution for two hours at 120 °C. 

The novel bonding agent may be prepared by several methods. 

15 One may for instance first effect a condensation of urea and for- 
maldehyde and add melamlne in the course of the condensation, preferably 
in the last stage. The condensation can be effected conventionally, for 
Instance at a pH between 4 and 8 and a temperature between 75 *C and the 
boiling point of the solution. In many cases the formaldehyde to urea 

20 ratio is somewhat higher at the start, e.g. between 1.6 to 1 and 3.0 to 
1, and the required additional amount of urea is added at a later atage 
of the condensation. A limited amount of the urea may even be added 
after completion of the condensation reaction. A melamine-formaldehyde 
resin may be added instead of pure melamlne. It is also possible to 

25 separately prepare an urea-formaldehyde resin solution having a low for- 
maldehyde to urea ratio and add a melamine-formaldehyde resin thereto 
after completion of the condensation. The melamine-formaldehyde resin 
may have a conventional molar ratio of formaldehyde to melamlne-, for 
Instance between 1.5 to 1 and 1.8 to 1. It is also possible to take a 

30 conventional melamine— modified urea-formaldehyde resin and mix this, if 
required with heating, with a urea- formaldehyde resin having a much 
lower formaldehyde to urea ratio and optionally with an additional 
amount of urea. 

The reactivity of an aminoplast adhesive is determined by 

35 adding a standard amount of catalyst (usually ammonium chloride) to the 
resin solution and measuring the gel time. The gel time is the time in 
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which an aliquot of catalysed resin solution sealed in a glass tube 
suspended in an oil bath at 100 °C is converted to a gel. It is 
generally thought that in order to obtain a good curing and a strong 
bond, the adhesive should have a fairly short gel time, say between 40 
and 90 seconds. The adhesive solutions according to the invention have 
long gel times, e.g. 100 to 250 seconds with conventional amounts of 
catalyst. Yet such catalysed adhesive solutions can be used to produce 
particle board with Improved physical properties. It is to be noted that 
this phenomenon of the Increase in. gel time does not occur with the con- 
ventional resins in which 25 X by weight or more melamine has been 
incorporated. Applicant assumes that In the such latter case the curing 
of the melamine resin compent, which occurs at a pH close to neutral, 
overshadows the buffering action of melamine. 

The invention will now be elucidated by means of the following 
i expamples, without being restricted to the modes of realisation 
described therein. 

Example 1 

la a conventional resin kettle, 29 kg of formaldehyde (37 X) 
and 9.75 kg of urea were mixed and heated to the boiling point. Next the 
20 pH was brought to a value of 5 by addition of hydrochloric acid, which 
started the reaction. After a condensation period of 50 minutes at the 
boiling point, the reaction was quenched by adding enough of a base 
(sodium hydroxide) to bring the pH to a value of 8. Next, 1.24 kg of 
diamine ware added to the reaction mixture while keeping the pH at a 
25 value of 8 and the temperature near the boiling point. The mixture was 
stirred for half and hour, after which 9.75 kg of urea were added and 
enough water was distilled off to bring the solids content to 65 X by 
weight. The solids content was determined by heating a sample for 2 
hours at 120 «C and weighing the residue. Thereafter the reaction mix- 
30 ture was cooled. In this way 39.8 kg of resin solution, adhesive A, were 
obtained, with a melamine content of 4.77 X by weight and a */NH 2 of 
0.526. 

This resin solution was used as the bonding agent in the preparation of 
chipboard of 17 mm thickness. To this end, chips were provided with the 
35 catalysed adhesive and etrewn by hand to form a mat with thin outer 
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layers and a thicker core layer. This oat was then pressed to form a 
board. The chips had previouly been provided with 0.4 X by wt. of a wax- 
based water-repelling agent (Mobilcer, HIM). The amount of bonding agent 
used was 11 X by weight of resin solids, relative to dry chips in all 
layers. The press temperature was 180 °C and the pressure 3.4 N/mm 2 . 
The chipboard thus obtained had the following properties: 
density 680 kg/m3 

tensile strength 0.64 N/mm 2 

swelling (24^ hrs. immersion at 20 °C) 14.3 X 
water content 7. 1 X 

formaldehyde emission 0.008 X by wt 

(FESYP perforator test). 

Example 2 

Adhesives B and C were prepared by the method disclosed in 
example 1. For adhesive B the amount, of melamine added in the second 
step was 0.80 kg and the amount of urea added in the last step was 9.96 
kg. For adhesive C these amounts were respectively 1.62 kg of melamine 
and 9.56 kg o£ urea. As a comparison, adhesive Y was prepared by the 
same method, however without the addition of melamine and with addition 
of 10.34 kg of urea in the last step. 

Adhesive B contains 3.08 X by wt of melamine and has a F/NH2 ratio of 
0.529. Adhesive C contains 6.15 X by wt of melamine and has a 
F/HH2 ratio of 0.524. The comparative adhesive Y contains no melamine 
and has a F/NH2 ratio of 0.534. 

These adhesives were tested by using them to produce particle 
board by the process disclosed in example 1. However, for the thin outer 
layers chips containing 12 Z by weight of adhesive, calculated on the 
dry (atro) chips, were used and for the core layer chips containing 
either 6 or 10 or 12 X by weight of adhesive were used. The physical 
popertles of the boards so obtained are pesented in table 1. All boards 
had a formaldehyde emission of less than 0.01 X (perforator test). 
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density 
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14.4 


Y*" 


12 
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680 


0.64 
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IS *not according to the invention* * 
Example 3 

An adhesive solution D was obtained by mixing a urea** 
formaldehyde resin solution with a small amount of melamlne-formaldehyde 
resin solution. The resulting adhesive solution has a solids content of 
20 56 Z by weight, a F/KH2 ratio of 0«550 and a melamine content of 5.33 Z- 
by weight based on resin solids. 

By the same method an adhesive solution E was prepared at a solids con- 
tent of 53 Z by weight, a F/NH2 ratio of 0.500 and a melamine content of 
4.87 Z by weight based on resin solids. As a comparison, an adhesive Z 

25 was prepared having a solids content of 56 Z by weight, a F/NH2 ratio of 
0*550 which did contain only urea and no melamine. 

These adheslves were used, after addition of a catalyst, to 
prepare particle board having a unitary structure and a thickness of 18 
mm. The amount of adhesive was 9 Z by weight (resin solids on dry chips) 

30 in all cases and the press conditions were 180 °G at 3.4 N/mm 2 for 17 
seconds/mm of board thickness. In all cases, the gel time of the cata— 
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lysed resin solution was determined. As a measure for the quality of the 
board, the tensile strength after 2 hours Immersion in water of 20 °C 
was determined (V-20 strength according to Din 68763)* The relevant data 
are presented In table 2* ' 

S Tabel 2 ■ 



adhesive- . NH4CI 4 H . BCl gel time density V-20 swelling 

wt X on resin solid sec kg/xa* K/miZ % (24 hrs) 
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D" 

D 

D 



1.5 
1.5 
1.5 



3.5 
5.0 



180 
129 
95 



612 
619 
617 



0.65 
0.78 
0.76 



13.4 
13.1 
12.9 



E 



E 



1.5 
1.5 
1.5 



4 

7.5 



220 
130 
93 



614 
625 
617" 



0.68 
0.67 
0.75 



21.5 
15.7 
16.5 



Z* 

15 Z* 
Z* 



0.15 

0.25 - 
0.75 - 



180 
120 
84 



594 
571 
608 



0.16 
0.09 
0.74 



17.2 
i5.6 
13.3 
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CLAIMS 



1. Method for the preparation of particle board with an urea- 
formaldehyde resin as bonding agent by providing a cellulose- 
containing particulate material with the bonding agent and next_ 
hardening said material at an elevated temperature and pressure to 
5 form a board, characterised in that the bonding agent .is an urea- 

formaldehyde resin solution having a molar ratio of formaldehyde to 
mole equivalents of amino groups of between 0*500 to 1 and 0.575 to 
1 and containing mel amine in an amount of between 1*0 and 10 Z by 
weight, relative co the total amount of resin solids. 
10 2. Method according to claim 1, characterised in that the bonding agent 
has a melamine content of between 1.5 and 9 Z by weight. 
3* Method according to claims 1-2, characterised in that the bonding 
agent, has a melamine content of between 3 and 6 Z by weight. 
. 4. Method according to claims 1-3, characterised in that the hooding 
15 agent has a molar ratio of formaldehyde to mole equivalent of amino 

groups 0.525 to 1 and 0.565 to 1. 
5. Method according to claims 1-4 9 characterised in that the amount of 
bonding agent used is between 8 and 12 Z by weight calculated as 
resin solids relative to dry chips. 
20 * 6. Urea-formaldehyde resin solution, characterised in that the molar 

ratio of formaldehyde to mole equivalents of amino groups is between 
0.500 to 1 and 0.575 to 1 and that the solution contains between 1 
and 10 Z by weight of melamine, relative to the total amount of 
resin solids. 

25 7. Resin solution according to claim 6, characterised in that the 
mel amin e content is between 1*5 and 9 Z by wight. 

8. Resin solution according to claim 6-7, characterised in that the 
m elamin e content is between 3 and 6 Z by weight. 

9. Resin solution according to claims 6-8, characterised in that the 

30 molar ratio of formaldehyde to mole equivalents of amlnog roups 0.525 

to 1 and 0.565 to 1. 

10. Particle board, obtained by the method of one or more of claims 1-5. 
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